However, the relative importance of these processes has not yet been resolved. Results of diurnal variations of surface winds and divergence should provide insights into the mechanisms for the diurnal cycle in the oceanic rainfall and convection.
In this study, we document the mean diurnal and semidiurnal variations in surface wind speed, zonal and meridional wind components, and surface wind divergence over the globe (50øS-70øN) by analyzing 3-hourly data from approximately 10,000 land and island stations and individual marine reports from the Comprehensive Ocean-Atmosphere Data Set (COADS) during . To the best of our knowledge, this work represents the first attempt to examine the mean daily variations of surface winds and wind divergence on a global basis. We also discuss the implications of our results in terms of causal mechanisms for the strong diurnal cycles in surface wind speed and wind divergence.
Data and Analysis Method
The 3-hourly station data of surface wind speed and direction, from which the zonal (u) and meridional (v) wind components are derived, were extracted from the Global Telecommunication System (GTS) synoptic weather reports archived at the National Center for Atmospheric Research (NCAR) (DS464.0, http://www.scd ß ucar.edu/dss/datasets/dsq64.0.html). This surface data set, which covers the time period from July 1976 to April 1997 and has a volume of about 2.5 GB per year, contains 3-hourly (0000, 0300, 0600 Coordinated Universal Time (UTC), etc.) surface wind measurements (typically made at about 10 meters above the ground) from about 15,000 land and island stations.
We also processed the individual marine reports from the COADS data set [Woodruff et al., 1993 ) from January 1976 to December 1995 (data after 1995 were not released at the time of our analysis). The COADS reports include hourly data from a small number of buoys in the equatorial Pacific, and 3-hourly data from ships and buoys. We used the COADS reports at the GTS 3-hourly reporting times.
Surface buoys match fairly well [Quayle, 1984] . No attempts were made to adjust these biases in this study nor in
COADS.
In contrast to land stations, which are fixed, the ship and many of the buoys are moving, and thus their reports are made at variable longitude/latitude locations.
We averaged individual marine reports within each 2.5 ø longitude x 2 ø latitude box to obtain a mean value for each grid box at each reporting time. Land harmonics which then were gridded onto a 2.5 ø longitude x 2 ø latitude grid using the natural neighbor interpolation method [Watson, 1992] . The gridded data of amplitude and phase were used in the spherical harmonic analysis. The number of reports of surface winds at 0300, 0900, 1500 and 2100 UTC is generally smaller than at 0000, 0600, 1200, and 1800 UTC for both the GTS and COADS data sets (cf. Figure 1) . Over much of the Southern Ocean (south of ..•30øS) and parts of the equatorial Pacific, surface wind data are available only at 0000, 0600, 1200, and 1800 UTC. While these 6-hourly data are sufficient for sampling the diurnal harmonic, they are not adequate for capturing the semidiurnal cycle. Fortunately, the semidiurnal cycle of surface winds does not change rapidly in the longitudinal direction over the oceans [Deser and Smith, 1998 ]. Thus we were able to supplement the 6-hourly data at those oceanic grid boxes that have data only at 0000, 0600, 1200, and 1800 UTC (cf. Figure 1 ) by using reports (after daily mean is removed) 10 ø to the east (40 min later) and to the west (40 min earlier). This results in 12 reports per day (0000, 0040, 0520, 0600, 0640 UTC, etc.) at these oceanic boxes. Sampling tests with given diurnal and semidiurnal harmonics showed that the 3-hourly even sampling (i.e., 0000, 0300, 0600 UTC, etc.) and the supplemented 12 reports/day sampling are sufficient to exactly reproduce the original harmonics. Tests also showed that the supplementation of data points does not change the diurnal harmonics significantly.
The Figure I for the 0900 (similar for 0300, 1500, and 2100 ) UTC and 1200 (similar for 0000, 0600, 1800) UTC observation times. It can be seen that the station and marine observations provide good coverage over much of the globe except the Arctic Ocean, Greenland, the Antarctic, and the southern Pacific (south of 50øS) where the data are sparse. We shall focus on the region from 50øS to 70øN.
Surface divergence (D = V ß V, where V is horizontal wind vector) was computed (on sigma surface) using finite differencing from the observed 2.5 ø longitude x 2.0 ø latitude gridded winds. Tests showed that the finite-difference method yielded divergence fields similar to those derived using spectral methods.
The The harmonic coefficients an and bn are then interpolated onto a 2.5 ø longitude x 2 ø latitude grid using the natural neighbor interpolation method [Watson, 1992] • to gence occurs in the western and eastern parts of the continent, while convergence tends to occur in the middle. This pattern exists in all the seasons although the convergence in the middle is much reduced during DJF and extends farther to the west in JJA (the pattern in spring and autumn is very similar to that for the annual mean). The land (oceanic) areas tend to have more convergence (divergence) in summer (also see Figure 10) while the opposite is true in winter. This is no surprise because the boundary layer air over land is warmer than the air over ocean during summer, which leads to surface wind convergence and rising motion over land (vice versa in winter). We shall show that this mechanism may also explain the phase difference in the diurnal cycle of surface divergence between land and ocean. 
